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Protein Information Resource

UniProt Universal Protein Resource: 
Central Resource of Protein Sequence 
and Function
PIRSF Family Classification System: 
Protein Classification and Functional 
Annotation 
iProClass Integrated Protein 
Knowledgebase: Data Integration and 
Functional Associative Analysis
Interoperability and Dissemination: 
Ontology, XML, Relational Schema, 
Object Modeling

http://pir.georgetown.edu

Integrated Public Resource of Protein Informatics for 
Genomic/Proteomic Research & Scientific Discovery
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UniProt: Universal Protein Resource
International Consortium: PIR, EBI, SIB
Unifies PIR-PSD, Swiss-Prot, TrEMBL
UniParc: Comprehensive Sequence Archive with Sequence History  
UniRef:   Non-redundant Reference Databases for Sequence Search
UniProt:  Knowledgebase with Full Classification and Functional Annotation

http://www.uniprot.org
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UniProt Knowledgebase
Objective: Stable, Comprehensive, Fully Classified, Richly and 
Accurately Annotated 
Describe in a single record all protein products derived from a 
certain gene in a given species
Information Content

Isoform Presentation: Alternatively Spliced Forms, Proteolytic
Cleavage, and Post-Translational Modification (each with FTid)
Nomenclature: Gene/Protein Names (Nomenclature Committees)
Family Classification and Domain Identification: InterPro and PIRSF
Functional Annotation: Function, Functional Site, Developmental 
Stage, Catalytic Activity, Modification, Regulation, Induction, 
Pathway, Tissue Specificity, Subcellular Location, Disease, Process
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UniProt  Report

http://www.pir.uniprot.org/cgi-bin/ 
upEntry?id=PH4H_HUMAN
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PIRSF Classification System

A Network Structure from Superfamilies to Subfamilies to Reflect
Evolutionary Relationships of Full-length Proteins and Domains 
Comprehensive Classification of All UniProt Proteins
Curated Families 

Integrated into InterPro
Functional Site Rules and Protein Name Rules

Advantages
Annotation of generic biochemical and specific biological functions
Accurate propagation of annotation and development of 
standardized protein nomenclature and ontology

PIRSF Web Site: http://pir.georgetown.edu/pirsf/

Protein Classification and Functional Annotation 
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PIRSF001499: Bifunctional CM/PDH (T-protein)

PIRSF006786: PDH, feedback inhibition-insensitive

PIRSF005547: PDH, feedback inhibition-sensitive

PF02153: Prephenate
dehydrogenase (PDH)

PIRSF017318: CM of AroQ class, eukaryotic type

PIRSF001501: CM of AroQ class, prokaryotic type

PIRSF026640: Periplasmic CM

PIRSF001500: Bifunctional CM/PDT (P-protein)

PIRSF001499: Bifunctional CM/PDH (T-protein)

PF01817: Chorismate
mutase (CM)

PIRSF006493: Ku, prokaryotic type

PIRSF500001: IGFBP-1

…
PIRSF500006: IGFBP-6

PIRSF Homeomorphic 
Subfamily

• 0 or more levels
• Functional specialization

PIRSF018239: IGFBP-related protein, MAC25 type

PIRSF001969: IGFBP

PIRSF003033: Ku70 autoantigen

PIRSF016570: Ku80 autoantigen

PIRSF Homeomorphic Family
• Exactly one level

• Full-length sequence similarity and            
common domain architecture 

PIRSF Superfamily
• 0 or more levels

• One or more common domains

PF00219: Insulin-like growth 
factor binding protein 

(IGFBP)

PIRSF800001: Ku70/80 autoantigenPF02735: Ku70/Ku80 beta-
barrel domain

Domain Superfamily
• One common Pfam

domain
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Classification & Visualization Tools
Taxonomy Distribution and Phylogenetic Pattern
Iterative BlastClust Tree with Annotation Table
Multiple Alignment and Phylogenetic Tree
PIRSF Classification in DAG



9http://pir.georgetown.edu/cgi-bin/ 
ipcSF?id=PIRSF000876

PIRSF 
Family 
Report
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Biological Data Integration
Challenge: 

Voluminous, Complex, Dynamic Data from Heterogeneous 
Sources in Distributed Environment

Data Warehouse
Local Copy of Databases in a Unified Database Schema
Allows Local Control of Data; Update Problem

Hypertext Navigation
Browsing Model with Hypertext Links
Allows Direct Interaction; Easily Lost in Cyberspace

iProClass Approach
Data Warehouse + Hypertext Navigation
Rich Links (Links + Executive Summaries) 
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iProClass Protein Knowledgebase

Integration of Protein 
Family, Function, 
Structure
Rich Links to >80 
Databases
Value-Added Reports    
for 1.2 Million UniProt 
Proteins 
FTP: XML, Oracle, 
MySQL
http://pir.georgetown.edu/ 
iproclass

Data Integration and Functional Associative Analysis

Disease/Variation

OMIM
HapMap

…Ontology

GO

Protein Sequence

UniProt
UniRef
UniParc
RefSeq

GenPept
…

Gene/Genome

GenBank/EMBL/DDBJ
LocusLink
UniGene

MGI
TIGR

…

Gene Expression

GEO
GXD

ArrayExpress
CleanEx
SOURCE

…

Structure

PDB
SCOP
CATH

PDBSum
MMDB

…

Family

PIRSF
InterPro

Pfam
Prosite
COG

…

Interaction

DIP
BIND

…

Taxonomy

NCBI Taxon
NEWT

Protein Expression

Swiss-2DPAGE
PMG

…

Literature

PubMed

Function/Pathway

EC-IUBMB
KEGG

BioCarta
EcoCyc

WIT
…

Modification

RESID
PhosphoBase

…

iProClass

Integrated Protein 
Knowledgebase

iProClass

Integrated Protein 
Knowledgebase
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iProClass Protein Report

http://pir.georgetown.edu/cgi-bin/
ipcEntry?id=P35354
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Text Search

Peptide Search

BLAST/SSEARCH 
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Integrative Approach for 
Functional Genomics/Proteomics

Homology Based
Sequence & Structural Families  

Functionally Linked
Genetic Association: Gene Clustering on Chromosomes, 
Multi-Domain Proteins
Function Association: Pathways, Biological Processes, 
Networks, Protein-Protein Interactions, Protein Complexes
Correlated Evolution: Related Phylogenetic Profile
Correlated Expression: mRNA/Protein Expression
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Protein Family, Structure, Function

PF00884EC 3.1.6.8; EC 3.1.6.1; 
EC 3.1.6.2; EC 3.1.6.12Alkaline phosphatase-like580sulfataseSF000971

PF00245EC 3.1.3.1Alkaline phosphatase-like507alkaline phosphataseSF000891

PF01676EC 5.4.2.7403phosphopentomutaseSF001491

PF01676EC 5.4.2.1411cofactor-independent 
PGM, archaeal type SF006392

PF01676EC 5.4.2.1
Alkaline phosphatase-like; 
2,3-BPG*-independent PGM*, 
substrate-binding domain

518cofactor-independent 
PGMSF001492

PF00300EC 5.4.2.1; EC 5.4.2.4; 
EC 3.1.3.13; EC 3.1.3.-Phosphoglycerate mutase-like241cofactor-dependent 

PGM*SF001490

Pfam
DomainEnzyme ClassificationSCOP SuperamilyAvg

LengthPIRSF Name PIRSF ID

Domain: Sharing Common Domain (Align with Pfam/SMART/CDD)
Structure: Sharing Common Fold (Align with SCOP/CATH)
Function: Functional Convergence/Divergence (Align with EC)
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MJ0515MK0463MTH398
PIRSF000230: NADH:quinone oxidoreductase (complex I), 49 K subunit /[NiFe]-hydrogenase-3-type 

complex, large subunit 
PIRSF500033: [NiFe]-hydrogenase-3-type complex, large subunit

MJ0516MK0464MTH397
PIRSF002913: NADH:quinone oxidoreductase (complex I), subunit NuoB/[NiFe]-hydrogenase-3-type 

complex, small subunit 
PIRSF500034: [NiFe]-hydrogenase-3-type complex, small subunit

MJ0517MK0465MTH396PIRSF005292: [NiFe]-hydrogenase-3-type complex Eha, hydrophilic subunit EhaM

MJ0518MK0466MTH395PIRSF004953: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaL

MTH394PIRSF036538: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaK

MJ0520MK0468MTH393
PIRSF000215: NADH:quinone oxidoreductase (complex I), subunit 1/[NiFe]-hydrogenase-3-type complex, 

membrane subunit C/D/J 
PIRSF500037: [NiFe]-hydrogenase-3-type complex, membrane subunit C/D/J

MTH392PIRSF036537: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaI

MJ0522MK0470MTH391PIRSF036536: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaH

MJ0523MK0471MTH390PIRSF019136: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaG

MJ0524MK0472MTH389PIRSF019373: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaF

MJ0525MK0473MTH388PIRSF036535: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaE

MJ0526MK0474MTH387PIRSF006581: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaD

MJ0526.1MK0475MTH386PIRSF036534: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaC

MJ0527MK0476MTH385PIRSF019706: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaB

MJ0528MK0477MTH384PIRSF005019: [NiFe]-hydrogenase-3-type complex Eha, membrane protein EhaA

Mj* GeneMk* GeneMt* GenePIRSF ID and Name

Genome Context and Phylogenetic Profile for Functional 
Inference of Conserved Hypothetical Proteins



17

Domain Architecture for Functional Annotation of 
Response Regulators
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Protein Functional Analysis

chorismate mutase, AroQ class, prokaryotic type

chorismate mutase, AroH class

Enhanced understanding of structure, function, and evolutionary relationships
bifunctional tetrapyrrole methylase and MazG NTPase

thioesterase, type II

chemotaxis response regulator methylesterase CheB

glycyl radical cofactor protein YfiD

inactive homolog of metal-dependent protease

ligand-binding protein with an ACT domain

Correction, or improvement, of genome annotations
[Ni,Fe]-hydrogenase-3-type complex, membrane protein EhaA

lipid carrier protein

alpha/beta hydrolase

ATPase with chaperone activity and inactive LON protease domain

nucleotidyltransferase

metal-dependent hydrolase

TIM-barrel signal transduction protein

Functional inference of uncharacterized hypothetical proteins

Based on 
PIRSF Family 
Classification 
and iProClass 
Data 
Integration
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Global Bioinformatics 
Analysis of Genes and 
Proteins
Gene/Peptide to 
Protein Mapping
Sequence Analysis,    
Data Mining
Display of Protein 
Information Matrix
Categorization and 
Visualization for 
Pathway Discovery

iProXpress Expression Data Analysis
Gene Expression Data Proteomic Data

Clustering

Expression 
Pattern

Visualization & 
Statistical Analysis

Clustered Matrix Pathway Map Process HierarchyClustered GraphClustered Matrix Pathway Map Process HierarchyClustered Graph

Gene/Peptide-Protein Mapping

Pathway Discovery 
(Browsing, Sorting, Visualization & Statistical Analysis)

Functional Analysis 
(Sequence Analysis & Information Retrieval)

iProXpress

Comprehensive 
Protein 

Information 
Matrix

Protein 
List

integrated Protein 
eXpression
Analysis System
http://pir.georgetown.edu/iproxpress
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Expression Analysis
Display of Protein 
Information Matrix
Iterative Searching, 
Sorting, Categorization, 
Visualization
Iterative Hypothesis 
Generation/Evaluation

MAPKinase Signaling Pathway
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iProXpress Dissemination Mechanisms
Web Interface for Expression Data Analysis (http://pir.georgetown.edu/iproxpress)

Batch data submission (gene or protein lists, peptide sequences)
Gene/peptide to protein mapping 
Generation of protein information matrix (both direct information retrieval 
from iProClass and homology-based functional inference) 
Iterative searching, sorting, categorization and visualization
Data/results export in excel or tab-delimited table formats
Data import/export in formats interoperable with commonly used 
programs (e.g., Netaffx, Mascot) 

Web Services
Map gene list to proteins (based on gene IDs, probe IDs, gene names)
Map peptides to proteins (based on peptide sequences)

Local Web Server (iProXpress Mirror Site)
Distribution files for local implementation: iProClass data files, data 
mining programs, graphical user interface
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iProLINK Literature Mining / Ontology

Literature-Based 
Curation and   
Evidence Attribution
Protein Name  
Ontology for Standard 
Annotation and     
Query Expansion
http://pir.georgetown.edu/ 
iprolink

iProLINK
NLP Research

Literature-Based Curation

Bibliography Mapping
& Annotation Extraction

Protein Name Ontology

Named Entity Recognition
& Ontology Induction 

Databases

UniProt
PIRSF

iProClass
GO

Bibliography

PubMed

Literature Mining &
Protein Curation

Dictionary and Ontology
• Protein Names and Synonyms
• PIRSF Family Names in DAG

Guidelines
• Protein Naming Rules
• Name Tagging Guidelines

Literature Corpus
• Name-Tagged

Bibliography Display
• Mapping of Protein ID to PubMed ID
• Papers Categorized by Annotations
• Papers Tagged with Annotations 

Literature Corpus
• Annotation-Tagged

Bibliography Submission
• Protein Mapping
• Annotation Categorization

integrated Protein 
Literature,  
INformation and 
Knowledge

http://pir.georgetown.edu/iprolink
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Bioinformatics Infrastructure
Software Framework: J2EE n-Tier Architecture (Apache Struts, JSP, 
Servlets, JDBC, RMI, XML) with Object Models (Rational Rose)
Database Distribution: XML/DTD, Flat File, FASTA, Relational Tables 
(Oracle 9i, MySQL, DB2) and Schema
Planned Deliverables: Object Models, J2EE Application Programs, 
Web Services

Clients Middle Tier Data Source

(JavaWebStart)

Applications

Web Browser

(JavaWebStart)

Applications

Web Browser

JDBC

FlatFile
Adapter

XML
Adapter

JDBC

FlatFile
Adapter

XML
Adapter

MySqlDB2

Oracle

Legacy
Databases

XML
Repositories

MySqlDB2

Oracle

MySqlDB2

Oracle

Legacy
Databases

Legacy
Databases

XML
Repositories
XML
Repositories

Servlet
[Controller]

JSP,
HTML,

XML (XSLT)
[Presentation]

SQL
DAO

DAO
Manager

Domain Objects
[Model]

FLAT
DAO

XML
DAO

Servlet
[Controller]

JSP,
HTML,

XML (XSLT)
[Presentation]

SQL
DAO

DAO
Manager

Domain Objects
[Model]

FLAT
DAO

XML
DAO
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PIR for caBIG ICR Workspace
Downloadable Databases

UniProt and UniRef Databases
iProClass and PIRSF Databases

Web Interfaces
PIR (iProClass/PIRSF): Iterative Text and Sequence Search
iProXpress: Expression Data Analysis
iProLINK: Name Dictionary, Annotated Bibliography and Corpus

Web Services/Application Programs
Gene/Peptide to Protein Mapping
iProXpress Distribution Files for Local Web Mirror
PIRSF Viewers: Taxonomy, Iterative BlastClust, Tree/Alignment

Involved in caBIO and CDE (Common Data Elements)
Protein Object Modeling and Controlled Vocabularies
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